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ELECTRICIAN’S THEORY EXAMINATION 
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QUESTION AND ANSWER BOOKLET 


Time Allowed: Three hours 
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You have 10 minutes to read this paper but do not start writing until you are told to 
do so by the supervisor. 


Write your Candidate Code Number in the box provided above. Your name must NOT 
appear anywhere on this paper. 


Answer all questions. 
The pass mark for this examination is 60 marks. 
Use a pen for written answers. Do not use a pencil or a red pen. 


Drawing instruments and pencils may be used when diagrams are required. Marks 
are allocated on the basis of correctness. 


Do not use correcting fluid or correcting tape. 


For calculation questions all workings, including formulae, must be shown to gain full 
marks. 


Non-programmable calculators may be used. 


Warning - You could get 0 marks for any question, or part of a question, if you show 
anything hazardous or dangerous in your answer. 


Candidates are not permitted to use any Act, Regulation, Standard, Code of 
Practice, Handbook or other reference text in this examination. 


PLEASE HAND THIS PAPER TO THE SUPERVISOR BEFORE LEAVING THE ROOM. 
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Question 1 


(a) 


(b) 


(c) 


(d) 


MEN switchboards have characteristics that are not found on a distribution 
switchboard 


State TWO characteristics of a MEN switchboard that are not found on a 
distribution switchboard. 
(2 marks) 


(1) 








(2) 








Why do three phase induction motors run smoother and quieter than 
single-phase induction motors? 
(2 marks) 








State TWO reasons for using reduced voltage starting for a three-phase 
induction motor. 

(2 marks) 
(1) 


(2) 








A Class I electrical appliance that incorporates a MIMS element has been 
repaired. 


Tests have been carried out on the appliance. 
(i) State the permitted insulation resistance test result for a test between 


live supply conductors and accessible metal parts. 
(1 mark) 





(ii) State the permitted protective earthing conductor test result for a test 
between the earth pin of the supply plug and the earthed accessible 
metal. 

(1 mark) 
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Question 1 continued 
(e) State TWO factors that limit the prospective short-circuit current in the 
supply to an electrical installation. 
(2 marks) 


(1) 








(2) 








(f) State the reason why the secondary terminal voltage of a transformer is 
less at full-load than at no-load. 
(2 marks) 














(g) (i) If the burden on a current transformer is increased, what practical 
effect, if any, does this have on the primary current? 
(1 mark) 








(ii) What is the typical maximum secondary voltage of an instrument 
voltage transformer? 
(1 mark) 





(turn over) 


ET36 QUESTIONS - 11 SEPTEMBER 2010 3 


Question 1 continued 


(h) An ohmmeter gives a reading of 24 ohms when used to measure the 
resistance of a plug-in heater designed for use on 230V/240V supply. 


If the heater draws 10 amps when plugged into a 240 V supply, calculate 
the difference in the power consumed when the heater is operated on a 
230V supply. 

(2 marks) 


(i) Explain why earthing the metal frame of a Class I electrical appliance 
prevents electric shock hazards under fault conditions and also explain what 
such earthing ensures in relation to protective devices.. 

(2 marks) 














(j) (i) What is the minimum value of the permitted test result for the 
insulation resistance test of a three-phase, 400V, mains cable? 
(1 mark) 





(ii) What is the maximum value of the permitted test result for an earth 
leakage test of a 230V, Class I, plug-in electrical appliance? 
(1 mark) 
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Question 2 


The figure below represents 3 fluorescent lights supplied from a 230V MEN 


supply. 


Active 
(Phase) 


Earth 


Neutral 


Switchboard 






Light switch 


W Oe ne ay Fitting A Fitting B Fitting C 


The fuses in the light fittings are HRC fuses. 


(a) How is discrimination achieved in the figure above? 














(1 mark) 
(b) (i) Which parts of the circuit are protected by the MCB. 
(1 mark) 
(ii) State the TWO types of fault the MCB provides protection for. 
(1 mark) 
(1) 
(2) 
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Question 2 continued 


(c) 


(d) 


(e) 


(f) 


(i) Which parts of the circuit are protected by the HRC fuse in Fitting A? 
(1 mark) 





(ii) State the TWO types of fault the 1A HRC fuse in Fitting A provides 
protection for. 











(1 mark) 
(1) 
(2) 
(i) Which parts of the circuit are protected by the RCD. 
(1 mark) 
(ii) What type of fault does the RCD provide protection for? 
(1 mark) 








A phase to neutral short circuit has occurred in the cable between the light 
switch and the first fluorescent light. 


Which protective device will operate to clear the fault? 
(1 mark) 





State TWO reasons why the 1A HRC fuse in Fitting B must not be shorted 
out or increased in current rating. 
(2 marks) 


(1) 








(2) 
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Question 3 


A three phase 400V induction motor in an industrial machine is controlled by a 
star-delta starter with a 230V control circuit. 


The motor has been removed from an industrial machine for cleaning and 
checking. The cable supplying the motor has been disconnected from the starter 
and is still connected to the motor. 


Checks must be carried out to ensure the motor is safe to reconnect. 


(a) Describe how to test the motor and attached cables to identify the windings 
before carrying out an insulation resistance test. 


Identify the type of instrument to be used, and state the expected test 
results. 
(3 marks) 




















(b) Describe how the insulation resistance test should be carried out on the 
motor. 


Identify the type of instrument used and state any minimum or maximum 
test values that are applicable. 
(4 marks) 
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Question 3 continued 
(c) List THREE other checks or tests that should be carried out on the motor 
before reconnecting it to the supply and returning it to service. 
(3 marks) 
(1) 
(2) 


(3) 
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Question 4 


A three-phase star-connected pottery kiln draws 25A from a 400V supply and is 
protected by 30A HRC fuses. 


(a) A fault of 7Q has developed between the red phase and the kiln frame while 
the kiln is operating. 


The protective earth conductor resistance to the kiln is 0.5Q. 


(i) Calculate the total current in red phase. 
(2% marks) 


(ii) Determine, using calculations, whether the 30A HRC fuse in the red 
phase will operate. 


The 30A HRC fuse has a fusing factor (gG Utilisation Category) of 1.5. 
(2 marks) 
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Question 4 continued 


(b) On a separate occasion the pottery kiln develops a fault of 7Q between the 
blue phase and the kiln frame while the kiln is operating. 


The protective earth conductor resistance to the kiln is 12Q. 


(i) Calculate the total current in the blue phase. 
(2% marks) 


(ii) Determine, using calculations, why the 30A HRC fuse in the blue 
phase may take la long time to operate. 


The 30A HRC fuse has a fusing factor (gG Utilisation Category) of 1.5. 
(1 mark) 


(iii) Determine, using calculations, the electrical shock hazard voltage the 
protective earthing conductor resistance of 12Q presents to the user 
of the kiln. 

(2 marks) 
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Question 5 


A 230V, 2 kW, Class I, single-phase heater is plugged in to a socket outlet 
protected by a 20A MCB. The MCB has a utilisation category (fusing factor) of 
1.5. 


(a) On the diagram below draw in the earth fault loop 
(2 marks) 


Red line 


L1 


L2 


L3 






Earth bar 


I J - Lea 
A l : Socket-outlet 
rr Lt E 


Earth fault 
Class 1 heater 
(b) (i) The fault has an impedance of 609. Between which two points is the 


60 Q impedance? 
(1 mark) 





(ii) The protective earthing conductor has a resistance of 0.50. Between 
which two points is the 0.5 Q resistance? 
(1 mark) 
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Question 5 continued 


(iii) The fault loop impedance of the circuit supplying the socket outlet is 
0.67Q. This was measured before the appliance was plugged in. 


Between which two points would this impedance have been measured? 
(1 mark) 





(c) Calculate the total current in the phase conductor under the fault 
conditions. 


° The impedance of the fault is 60Q. 
° The resistance of the protective earthing conductor is 0.529. 
e The fault-loop impedance of the circuit is 0.670. 
(5 marks) 
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Question 6 


(a) You have installed a single-phase socket outlet and circuit wiring. 


(b) 


List the FOUR tests using test instruments - other than an insulation 
resistance test or a correct circuit connections test - which should be 
carried out in the socket outlet and circuit wiring. 


(1) 
(2) 
(3) 
(4) 


(i) 


(ii) 


(2 marks) 














Of the tests you have stated in (a) above, which tests must be 


carried out with the socket outlet and circuit live? 
(1 mark) 








Describe how each of the tests you have stated in (b)(i) are carried 
out. 


Include in your answer the type of meter used and any minimum or 


maximum values that may apply. 
(3 marks) 
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Question 6 continued 


(c) (i) Of the tests you have stated in (a) above, which tests can be carried 
out with the supply to the socket outlet and circuit disconnected? 
(1 mark) 








(ii) Describe how each of the tests you have stated in (c)(i) are carried 
out. 


Include in your answer the type of meter used and any minimum or 
maximum values that may apply. 
(3 marks) 
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Question 7 


(a) Draw and label a circuit diagram of a 400V control circuit of a three-phase 
DOL motor starter. 


You do not need to show the main contacts or the motor 
(5 marks) 
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Question 7 continued 


(b) Redraw the stop and start buttons you have drawn in (a) above and show 
how a remote stop-start station may be connected into the circuit by the 
use of a three-core cable. 

(3 marks) 


(c) An electrician has wired a remote stop-start station to an existing DOL 
230V starter circuit that controls a three-phase motor. The DOL starter 
was working normally before the work commenced. 


After the work had been completed the motor could be turned on but could 
not be turned off using either of the stop buttons. 


What is the cause of this fault? 
(2 marks) 
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Question 8 


(a) Sketch and label a circuit diagram of a 230V RCD used for personal 
protection that includes the following components: 


Sensing coil/toroid 

Tripping device 

Test circuit (push button and resistor) 
Active, neutral and earth conductors. 
Class I equipment load 


(4 marks) 
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Question 8 continued 


(b) An RCD test has been carried out on a portable residual current device. 


(c) 


(d) 


The device passed the residual current trip test. 


What additional check must be carried out on the portable residual current 
device to ensure it is electrically safe? 
(2 marks) 














The phase and neutral on the supply side of a single phase RCD have been 
transposed. 


Would the RCD operate if it detected an earth leakage fault on the circuit it 
protects? State a reason to support your answer. 


























(1 mark) 
State the full names for the following terms: 
(3 marks) 
PRCD 
RCBO 
SRCD 
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Question 9 


(a) An MEN, three phase low voltage supply to a factory is required to be ata 
voltage that is not commonly used. 


The factory is supplied by a 150 kVA, three-phase, delta-star-connected 
step-down transformer with a phase- turns ratio of 43.3 to 1. 


The primary is connected to an 11 kV, three-phase supply, and the 
transformer is fully loaded. 


(i) Draw a diagram of the circuit, showing primary and secondary 


windings. 
(1% marks) 


(ii) Calculate the secondary phase voltage. 
(1% marks) 


(iii) Calculate the secondary line voltage. 
(1% marks) 
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Question 9 continued 


(iv) Calculate the primary line current. 
(2 marks) 


(v) Calculate the maximum secondary line current the transformer can 
deliver under full load conditions. 
(1% marks) 


(b) Explain ONE practical method used to reduce iron losses when a 
transformer is being constructed. 
(2 marks) 
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